ABSTRACT -The objective of this study was to evaluate intake, performance and nutrient digestibility of sheep supplemented with sugarcane ensiled with four levels of calcium oxide (0.0, 0.8, 1.6 and 2.4%) and urea (1.5%), on a natural matter basis. Twenty castrated Santa Ines lambs with 24.09 kg average weight were housed in individual 1.5 m 2 pens, distributed in a completely randomized design. The diet supplied had a roughage:concentrate ratio of 70:30 and the experimental period lasted 77 days, of which 14 days were used for adaptation to the diet and three 21-day periods for data collection. No differences were observed for the average daily intake of dry matter, ether extract, neutral detergent fiber, neutral detergent fiber corrected for ash and protein, total carbohydrates, hemicellulose and total digestible nutrients. The treatment with urea showed differences for the intake (kg/day) of crude protein, acid detergent fiber and non-fibrous carbohydrates. There was no effect of diets on the digestibility of dry matter, ether extract, neutral detergent fiber, acid detergent fiber or total digestible nutrients, but there was a quadratic effect for total carbohydrates and increasing linear effect for non-fibrous carbohydrates. The calcium intake increased as the levels of calcium oxide in the sugarcane were elevated. The calcium:phosphorus ratio in the silage of calcium oxide was different from the silage with urea and control. No effect was observed for the performance characteristics of sheep. Sugarcane silages with calcium oxide levels of up to 2.4% or with urea do not improve the intake or weight gain of sheep.
Introduction
The complexity of the digestive tracts of ruminants makes them of great economic value because of their potential in utilizing uncommon feedstuffs in the feeding of non-ruminants and men. This is true not only because these animals still depend on the physical and physiological effects of the fiber in the gastrointestinal tract, but mostly because of the costs that the feedstuffs can present (Bezerra et al., 2004) .
The value of a feedstuff depends mostly on the level of nutrients it contains, the amount ingested voluntarily by the animal and the digestibility and, or, degradability of the nutrients consumed. The efficient evaluation of a feedstuff to determine the prediction of the animal response is based on knowing the daily amounts of digestible protein and energy that the animal can obtain from this feed. Thus, to know the potential value of a feedstuff, through rumen degradation, allows for its rational use (Cabral et al., 2005) .
Sugarcane has been utilized as roughage in the finishing of cattle for presenting positive attributes such as easy implantation, few crop treatments, high productivity and good quality in the period of pasture shortage (Resende et al., 2005) . It can be conserved and utilized as silage, in spite of the drawbacks of high content of soluble sugars with rapid proliferation of yeasts and production of ethanol and carbonic gas (Resende et al., 2005) .
It has been observed that the use of several additives in sugarcane has brought great benefits such as increase of the nitrogenous fraction (Pires et al., 2004b; Carvalho et al., 2006a; Amaral, 2007) . However, the use of alkaline additives such as sodium hydroxide and calcium oxide does not contribute to the increase of nitrogen uptake, sometimes triggering a greater effect of hydrolysis on the cell wall of roughages, improving the fiber digestibility and intake (Andrade et al., R. Bras. Zootec., v.42, n.10, p. [691] [692] [693] [694] [695] [696] [697] [698] [699] 2013 performance of sheep fed sugarcane ensiled with different levels of calcium oxide or urea.
Material and Methods
The experiment was conducted in the sheep farming sector Ensaios Nutricionais de Ovinos e Caprinos (ENOC) and in the laboratory of forage and pastures of Universidade Estadual do Sudoeste da Bahia, Campus Itapetinga, Bahia State, Brazil.
The experimental design was completely randomized, with five treatments (doses of 0.0; 0.8; 1.6 and 2.4% calcium oxide (CaO) or 1.5% urea in the natural matter), all applied at the moment of ensilage.
Twenty male castrated Santa Ines lambs at four months of age and 24.09 kg average weight were housed in individual 1.5 m 2 pens with previously swept cemented floor, fed diets containing 70% sugarcane silage with different doses of CaO or urea and 30% concentrate in the natural matter (Table 1) . Pens were provided with troughs and drinkers in the front. The sugarcane was chopped to particles of 1 to 2 cm and mixed on a masonry floor for complete homogenization. After, they were weighed, separated in amounts of 140 kg, treated according to the doses of calcium and urea and subsequently conditioned in 200 L barrels, which were sealed with double-sided canvas of 200 micron thickness, keeping a density of 700 kg natural matter/m 3 . After the compaction and before closing the silos, samples of approximately 500 g were collected from the center of each silo, at a depth of approximately 40 cm. At the end of 30 days after closing the silos, they were reopened and a sample of each one was collected, as was done during the closure.
The sugarcane variety utilized was RB 72.454; in the treatments with calcium oxide, it was corrected with 1.0% urea (a mix of urea + ammonium sulfate at a 9:1 ratio), on the natural matter basis. Diets were calculated according to the NRC (2006) , in order to allow for a weight gain of 150 g/day. The diets were balanced to contain approximately 13% crude protein and 53% total digestible nutrients, having calcium oxide or urea and the concentrate in their chemical composition (Table 2) .
The experiment lasted 77 days, composed of three experimental periods of 21 days, for evaluation, weighing and collection of feces, urine and blood and 14 days for animals to adapt.
Experimental diets were supplied ad libitum, twice daily -at 07h00 and 15h00 -being adjusted to keep the leftovers at around 10% of the total supplied. Sample collection occurred daily during the whole experimental period (three 21-day periods), in which roughage, 1 Sugarcane with different levels of calcium oxide (0.0, 0.8, 1.6 and 2.4% in natural matter) and addition of 1.5% urea (% natural matter). 2 Amount per kg of product: Ca -155 g; P -65 g; S -12 g; Mg -6 g; Na -115 g; Co -175 mg; Cu -100 mg; I -175 mg; Mn -1400 mg; Ni -42 mg; Se -27 mg; Zn -6000 mg; Fe -1000 mg. concentrate and leftovers of each animal were collected. Samples were conditioned in plastic bags and stored in a freezer for subsequent analyses. All animals were weighed at the beginning and end of each experimental period. At pre-drying, the samples collected were thawed, weighed and taken to an oven at 60 ºC with air circulation and renewal for 72 hours. Next, samples were maintained at room temperature for two hours, weighed and ground in a sieve with 1 mm screen, conditioned and identified for later analyses.
The samples collected were analyzed for the following items: dry matter (DM), total nitrogen (TN), neutral detergent fiber (NDF), acid detergent fiber (ADF), neutral detergent insoluble protein (NDIP), neutral detergent insoluble ash (NDIA), cellulose, hemicellulose, lignin, ash and ether extract (EE), according to Silva & Queiroz (2002) ; neutral detergent fiber corrected for ash and protein (NDFap) according to Mertens (2002) ; and in situ dry matter digestibility for 48 hours (ISDMD), according to Ørskov et al. (1980) .
The contents of total carbohydrates (TCH) were estimated by the difference, adopting the following equation of Sniffen et al. (1992) :
Because of the presence of urea, non-fibrous carbohydrates (NFC) were calculated in an adaptation to what was proposed by Hall (2003) , as follows:
The total digestible nutrients (TDN) were calculated from the energy estimates estimated by Cappelle et al. (2001) for silages with additives.
For the evaluation of the digestibility coefficient of dry matter and other nutrients, the technique of external marker was employed, utilizing indigestible NDF as the reference. Samples of feces were collected directly from the rectum of animals in the morning and afternoon, during five consecutive days in the third experimental period. Samples of feces were conditioned in plastic bags previously identified and stored in a freezer for subsequent processing and analyses. The preparation of the composite sample was done after pre-drying and grinding the material.
To obtain the iNDF contents for estimating the fecal output, samples of the feed supplied, sugarcane and concentrate, leftovers and feces were incubated for 240 hours (Casali, 2006) in duplicate (20 mg DM/cm 2 ) in nonwoven (TNT -100 mg/m 2 ) textile bags, in the rumen of a crossbred steer receiving a mixed diet. After this period, bags were removed and washed in running water, and the remaining material from incubation was taken to forcedventilation oven at 60 ºC for 72 hours for determination of the indigestible dry matter (iDM) and indigestible neutral detergent fiber (iNDF).
The results were subjected to analysis of variance, performing a Dunnett test subsequently to evaluate the effect of the calcium oxide doses in relation to the urea and regression analysis for the study of the effect of CaO doses, at 5% probability. Software SAEG (Sistema de Análises Estatísticas e Genéticas, version 9.1) was utilized for conducting statistical analyses.
Results and Discussion
There was no difference (P>0.05) between the intake values of DM, EE, NDF, NDFap, TCH, hemicellulose and TDN of the sugarcane silage with different levels of calcium oxide, in kg/day, in relation to the silage of sugarcane with urea. For the intake in percentage of live weight (LW) the same behavior was verified for EE, NDF, NDFap and ADF.
The mean values for the intake of DM, NDF, NDFap, TCH, hemicellulose and TDN were of 0.683, 0.311, 0.312, 0.570, 0.064 and 0.439 g/day, respectively.
Ether extract presented increasing quadratic effect (P<0.05) of maximum intake of 0.0101 kg/day for a dose of 1.31% calcium oxide (CaO). The maximum hemicellulose intake presented negative quadratic effect (P<0.01), of 0.0518 kg/day at the level of 1.82% CaO. Total digestible nutrients presented an increasing quadratic effect (P<0.01) with maximum intake of 0.5253 kg/day at 1.40% CaO (Table 3) .
The intake of CP, ADF and NFC, in kg/day, was different between the silages with CaO and urea ( Table 3 ). The CP intake presented effect (P<0.05) for the consumption of the sugarcane silage with CaO doses in relation to the silage with urea. There was no effect (P>0.05) among the CaO silages; no model presented adjustment regression.
There was increasing linear effect (P<0.05) of the CaO doses for ADF intake. In addition, there was only difference between the sugarcane silage with 2.4% CaO in relation to the sugarcane silage with urea. On the other hand, there was difference in NFC intake (P<0.05) only at 1.6% CaO when compared with the silage of sugarcane with urea. There was also positive quadratic effect of the CaO doses on NFC intake, with maximum intake of 0.3252 kg/day at 1.43% CaO.
As regards the DM intake (%LW), the levels of 1.6 and 2.4% CaO in the sugarcane silage presented values of 2.59 and 2.72% of the LW, superior to the intake observed for the sugarcane with addition of urea (Table 4) . We can observe that the sugarcane silages subjected to the treatment R. Bras. Zootec., v.42, n.10, p. [691] [692] [693] [694] [695] [696] [697] [698] [699] 2013 with calcium oxide showed good chemical characteristics, with greater nutrient intake in the diets. The increase in dry matter intake at the doses 0.8 and 1.6% (Table 3) is what was expected in this study. However, when chemical additives are utilized in the treatment of roughages, they do not always promote elevation in nutrient intake and improvements in ruminants. This fact can be related to the elevated alkalinity of the calcium oxide, which might have compromised the palatability of the diet.
The DM intake (% LW) presented quadratic effect (P<0.05) (Table 4) , with maximum point of 2.83% of the LW for the dose of 1.72% CaO. Different results were found by Carvalho (2008) , who recorded an intake of 3.9% of the LW with sugarcane treated with CaO at the levels 0.0, 0.75, 1.5 and 2.25%, for Santa Ines sheep. Likewise, Freitas et al. (2008) reported DM intake of 954.8 g DM/ day (3.9% of the LW) in sheep fed a diet of sugarcane hydrolyzed with 0.5 and 0.9% CaO and 50% concentrate. The authors formulated diets to meet the requirements for the maintenance of animals, with gains of 150 g/day.
The intakes of CP, TCH, NFC, hemicellulose and TDN (in % of the LW) presented differences (P<0.05) between the silages with CaO and with urea (Table 4 ). The CP intake was lower in all silages when compared with the urea. The intake values of TCH, NFC and TDN presented differences in the treatment with 1.6% of inclusion of CaO in the sugarcane, with greater intake of these nutrients in relation to the other treatments. The intakes of NFC and TDN presented quadratic effect (P<0.05). Possible benefits in the chemical treatment of the sugarcane with CaO may have promoted elevation in the consumption of these nutrients, through the likely increase in the passage rate.
The NDF presented negative quadratic effect (P<0.05) with minimum of 0.79% of the live weight, with the dose of a -differs from control at 5% probability by the Dunnett test; * -significant at 5%; ** -significant at 1% probability; NDFap -neutral detergent fiber corrected for ash and protein; ns -not significant; CV -coefficient of variation.
1 Sugarcane with addition of 1.5% urea (% natural matter). a -differs from control at 5% probability by the Dunnett test; * -significant at 5%; ** -significant at 1% probability; NDFap -neutral detergent fiber corrected for ash and protein; ns -not significant; CV -coefficient of variation.
1 Sugarcane with addition of 1.5% urea (% natural matter).
0.5% CaO. The same effect was observed for NDFap with minimum of 1.13% of live weight and a dose of 1.24% calcium oxide. Non-fibrous carbohydrates presented positive quadratic effect (P<0.05) with maximum point of 1.21% of the live weight, with a dose of 1.55% CaO. Total digestible nutrients presented positive quadratic effect (1.97% of the live weight) for a dose of 1.58% calcium oxide. The doses of 0.8 and 1.6% CaO showed greater intake in relation to the silage with urea and the untreated silage. The improvement in the chemical composition of the treated sugarcane, promoted by the alkaline additive, possibly promoted decrease in the hemicellulose due to its partial solubilization; the composition of the sugarcane silage presented decrease in the contents of NDF and ADF (Table 2 ). It is likely that the alkaline environment contributed to increase the digestibility of the sugarcane according to the possible reduction of lignin (Table 2) .
Promoting the increase in the intake of sugarcane silage treated with calcium oxide is the interest of nutritionists; however, the effect desired, which is the augmentation of intake, does not always occur. However, simply improving the cell wall components of sugarcane is enough to make it a viable roughage in the feeding of ruminants. Reports published by Santos (2007) , who utilized calcium oxide in the sugarcane, showed that it was capable of reducing the concentration of cell wall components with decrease in the NDF and ADF, improving the digestibility coefficient of the dry matter and organic matter, observed in the silages treated with 1.5% calcium oxide. The authors observed that different doses of quicklime (1.0 and 1.5% in the natural matter) in sugarcane silages significantly reduced the production of ethanol and promoted greater recovery of dry matter and soluble carbohydrates.
Visually, one could observe in this experiment that certain animals preferred to consume more roughage rather than concentrate, and the opposite was also true, suggesting that the variations occurring during the experiment were merely random. These pieces of evidence are supported by Van Soest (1994) , who explains the control of voluntary intake by ruminants through mechanisms of integrated or isolated action of physical factors like physical and physiological satiety and chemical satiety.
It is possible that the animals in this study left lowdigestibility orts, suggesting that, in the diet supplied, what was offered to some animals might have been better than to others, since during the weighing some animals demonstrated having gained more weight in relation to others receiving the same diet. The same happened for the silages treated with calcium oxide, which increased the dry matter intake, in percentage of live weight, up to the dose of 1.6%, which by the effect on the cell wall components improved the intake up to this level, when it decreased again; this was observed in almost all variables analyzed.
The intake of the sugarcane subjected to treatment with alkaline additives, such as the use of calcium oxide levels, is constantly sought, as several authors have observed (Moraes, 2006; Carvalho, 2008) ; however, the treatment with these additives does not always improve the elevation in the nutrient intake by animals. This happens because certain alterations resulting from the fermentation process affect intake (Huhtanen et al., 2002) . In addition to influencing the dry matter intake, the fermentation occurring during the ensilage process may modify the profile of nutrients absorbed by the digestive tract (Huhtanen et al., 2003) .
Other relations found by Huhtanen et al. (2002) regarding the ingestion of silage refer to the contents of lactic acid and volatile fatty acids. The authors report the existence of a negative correlation between the concentration of these acids and the consumption of silage, where volatile fatty acids present greater reducing effect on the silage intake than lactic acid, which suggests that homolactic fermentation presents smaller effect on the ingestion of silage than heterolactic fermentation.
The calcium intake in the control treatment was of 10.83 g/kg and considering the CaO doses, there was an increase of 826.52; 1,706.47; and 1,835.58% for the levels 0.8, 1.6 and 2.4%, respectively. These values are considered high when compared with values formulated in diets for sheep under normal conditions. In this specific case, the addition of calcium oxide at elevated amounts in diets for sheep differs from the recommendation of requirements given by the NRC (1985) , which considers an absolute requirement of 183 mg calcium and 103 mg phosphorus/kg of live weight for growing lambs, whereas the Agricultural Research Council (ARC, 1980) estimated calcium at 11 g and phosphorus at 6 g/kg of live body weight (LBW). Both institutions admit that the net requirements of macro elements are constant and are not dependent on the weight of the animal.
The ARC (1980) established that the dietary requirements of calcium and phosphorus for sheep of 25 kg live weight with a daily gain of 100 g/day are of 1.547 and 0.684 g/animal/day; and with a daily gain of 200 g/day, 3.094 and 1.368 g/animal/day, for calcium and phosphorus, respectively. According to their dietary recommendations, the intake of these minerals by the sheep in this study are fairly higher, which possibly interfered with the dry matter intake, and consequently with the nutrient intake.
In the present study, with the help of the NRC (2006), a weight gain of 150 g/day was estimated for 24.09 kg lambs (average weight). Although the estimate was quite different from what was observed, we can infer that sugarcane silages with or without CaO or urea did not correspond to the expectations of gain predicted. One explanation for the dry matter intake (Table 3) being greater for the silages treated with calcium oxide is the partial solubilization of the components of the sugarcane cell wall, which promoted increase in the intakes up to the level 1.6% calcium oxide. Pérez et al. (2001) worked with body composition and nutritional requirements of calcium and phosphorus in growing Santa Inês lambs and verified intake of these minerals at 14.143 and 7.117 g/kg, respectively, for animals of 25 kg LW (21.2 kg empty body weight -EBW), which is quite inferior to the results found herein for calcium (101.03 g/kg), but superior for phosphorus (2.65 g/kg). The authors conclude that the net requirements of calcium vary between 9.82 and 11.63 g/kg LW, and for phosphorus, from 4.28 to 5.82 g/kg LW, respectively; these values were higher than those found by the ARC (1980) and the NRC (1985) . The difference between intake and excretion of calcium was 12.20, 61.65, 74.22 and 64.10% for the doses 0.0, 0.8, 1.6 and 2.4%, respectively, whereas for the phosphorus levels, the excretion was greater than the intake, possibly because there was some imbalance between the minerals and also because of the greater amounts of endogenous phosphorus losses. Louvandini & Vitti (2007) , Bravo et al. (2003a) and Dias et al. (2007) commented that the increase in the phosphorus content in the sheep diet increases its absorption and excretion through the feces, which is the preferential pathway for elimination. Louvandini & Vitti (2007) claimed that the phosphorus consumed and that present in the urine are associated with the stabilization of the endogenous fecal loss, associated with the excess material ingested and the type of feed ingested, since the greater the effective fiber content ingested, the more salivation and excretion of phosphorus through the feces (Bravo et al., 2003b) .
The calcium:phosphorus ratio in the silages with CaO presented effect (P<0.01) when compared with the silage with urea. The CaO doses in the sugarcane silage promoted greater relation between the minerals. The difference in the CaO intake was observed at the doses 0.8, 1.6 and 2.4%, with calcium:phosphorus ratios of 29.44, 70.47 and 73.6, respectively. The same evidence was observed for the fecal output, showing that there was a decrease in the ratio due to the increase in the fecal excretion of phosphorus (Table 5) .
The literature has demonstrated that there is an interrelationship of calcium and phosphorus (Challa et al., 1989) characterized by changes in the calcium metabolism, which can be caused by variations in the levels of phosphorus, and the opposite is also true. Vitti et al. (2006) commented that high values of fecal calcium may indicate lower availability of calcium in the source supplied, causing a greater amount of calcium to pass directly through the digestive tract without absorption, generating big losses. a -differs from control at 5% probability by the Dunnett test; * -significant at 5%; ** -significant at 1% probability; ns -not significant; CV -coefficient of variation.
The calcium:phosphorus ratio presented positive linear regression, which also occurred for the excretion, which presented higher amounts of phosphorus in the feces than in relation to that consumed, contrarily to the results of Salviano & Vitti (1998) , who verified that the calcium: phosphorus ratio in the plasma was negative and linearly correlated with the amount of endogenous phosphorus excreted in the feces, indicating that at these levels of calcium and phosphorus in the plasma, the more the calcium:phosphorus ratio in the plasma is raised, the more the endogenous phosphorus fecal losses decrease.
According to the adequate levels of dietary phosphorus (NRC, 1980) , ruminants can bear such a high calcium: phosphorus ratio that it can reach 7:1 and/or 2 per cent of calcium in the diet. However, the long-term ingestion of phosphorus at levels that represent 2 to 3 times the requirements for maintenance can cause increase in bone resorption in adult animals and decrease the calcium: phosphorus ratio (<2:1), possibly contributing to an increase in the incidence of urolithiasis in intact and castrated sheep. Even with inclusion of 1% mineral salt in the diet, which allowed for a ratio of 2.4:1 between these two minerals, the addition of calcium oxide as chemical additive considerably elevated their levels so as to preserve the ensiled sugarcane, causing imbalance in the ratio of minerals, which possibly interfered in the animal performance and worsened as the doses increased.
According to Salviano & Vitti (1998) , the calcium: phosphorus ratio of 1.5:1.0 is considered the best, and the addition of more calcium to the diet (3.0:1.0) does not bring any benefit in terms of phosphorus absorption or efficiency of absorption.
There was no difference (P>0.05) for the digestibility of DM, EE, NDF, ADF and TDN for the silages with different CaO doses in relation to the silage with urea, while EE presented increasing linear regression and CP did not show any difference (P>0.05) of the sugarcane silages with different CaO doses in relation to the silage with urea (Table 6 ). There was difference (P<0.01) between the silages with different levels of CaO for the digestibility of TCH and NFC, in relation to the silages with urea. The total carbohydrates presented increasing quadratic effect with maximum point of 81.9% digestibility for a dose of 1.77% CaO, and increasing linear effect for NFC. In contrast, Carvalho (2008) observed decrease in DM as the CaO doses in sugarcane increased, and Pires et al. (2004a) stated that the alkaline treatment positively influences the DM digestibility.
According to Carvalho (2008) , it is possible that the elevation in the pH of sugarcane treated with CaO caused a deleterious effect on the rumen microorganisms, reducing the DM digestibility coefficients. Yet, in the present study, it is necessary to emphasize that there was no difference in DM intake in kg/day.
Rocha Júnior et al. (2003) found 18.43% digestibility for the NDF of fresh sugarcane and Campos et al. (2010) verified greater nutrient intake in diets based on fresh sugarcane silage (NDF = 48.87%). Pontes (2007) verified that the use of calcium oxide did not affect the digestibility of total carbohydrates. Balieiro Neto et al. (2007) observed that the sugarcane silages treated with calcium oxide showed the highest digestibility values with greater NFC content and Balieiro Neto et al. (2009) verified average NFC in vitro dry matter digestibility of 67% with the use of 0.5% lime. The NFC intake values obtained in this study increased up to the dose of 1.6% CaO, but reduced with the addition of 2.4%.
There was difference (P<0.05) for daily weight gain (g/day) at the dose 0.8% CaO, concerning the performance characteristics of sheep fed silages with different CaO levels in relation to the silage with urea. Daily weight gain presented increasing quadratic effect with maximum of 73.26 g/day for 1.15% CaO. Feed efficiency was 8.8 g/kg and feed conversion was 10.87 kg DM/kg produced (Table 7) . These results were inferior to the expected and estimated, probably not only because of the diet with sugarcane, which is a roughage that presents nutritional characteristics below the requirement of certain animal categories, but also because of the possible imbalance from the high concentration of calcium and the disproportional calcium:phosphorus ratio. Several factors were determinant for the low performance of these animals: the maturity stage of the sugarcane (age); the fermentation process, which might have reduced the soluble carbohydrates with the production of ethanol, decreasing intake; and especially the imbalance in the levels of calcium and its relation with phosphorus, among other non-evident factors.
Conclusions
Diets containing sugarcane silage with up to 0.8% calcium oxide in the feeding of sheep partially improves weight gain; however, doses above this percentage or sugarcane silage with urea decrease the intake and digestibility of dry matter, neutral detergent fiber and total digestible nutrients. a -differs from control at 5% probability by the Dunnett test; * -significant at 5%; ** -significant at 1% probability; ns -not significant; CV -coefficient of variation.
1 Sugarcane with addition of 1.5% urea (% natural matter). Table 7 -Daily weight gain and feed efficiency and conversion of sheep fed sugarcane silage with calcium oxide (CaO) or urea and coefficient of variation
